Abstract. The results of GNSS
Introduction
For the positioning accuracy improvement in global navigation satellite systems (GNSS), such as GPS, GLONASS etc., during the measured parameters processing (in post-processing or real time mode) the smoothing (or filtering if in real time mode) of code measurements is carried out using high precision phase measurements [1] [2] [3] . This allows not only the effective decreasing of code observations errors caused by noise and multipath, but also forming rather precision initial solutions for the reliable carrier-phase ambiguity resolution (CPAR) [4] . The procedures of smoothing/filtering are based on proximity of slowly changing error of code and carrier-phase observations (or their linear combinations) with uncertainty of the initial carrierphase ambiguity. In case of absence of carrier-phase cycle slips the task is obtaining the optimum estimation of carrier-phase observations level relatively the code ones. After that it is performed the «replacement» of code observations by carrierphase observations corrected to this value [1] [2] [3] . Smoothing/filtering accuracy is determined by the accuracy of carrier-phase level estimation relatively code pseudoranges and considerably depends on the level of code multipath, and also on the volume of the sample of observations (interval of averaging) [1, 2] . In paper [3] it was proposed and researched the original «leveling»-algorithm of smoothing the differential code observations (carrier-smoothed code algorithm) which in contrast to the well-known analogs takes into account the influence of variations of the ionosphere delays (in dual-frequency case) and so-called «wind-up»-effect [1] . This effect is inherent only to carrier-phase measurements and caused by the receiving antenna rotation during the evolution of currently controlled object.
The results of single-frequency code measurements smoothing/filtering modified algorithm development and validation have been presented. The algorithm is notable for the additional observations use, namely the increments of the mobile object current coordinates estimations obtained from the continuous phase measurements increments. The given two-stage approach using at the first stage the results of processing by algorithm [3] , as it is shown in the given paper, allows significant increasing of smoothing/filtering accuracy and obtaining of smooth (glide) coordinate solution -significant decrease of coordinate variations and eliminates jumps caused by change of the working constellation of satellites and the appropriate changes of the geometric dilution of precision (GDOP) [1] .
Initial «levelling»-algorithm of single-frequency code-carrier smoothing
Further it will be given a brief succession of actions when smoothing code GNSS observations by use of «leveling»-algorithm described in paper [3] . The given algorithm assumes that in code and carrierphase observations the anomalies are excluded, and carrier-phase cycle slips are excluded and continuity of observations is recovered [2] .
The initial system of observation equations may be given as: During the processing of observations the following corrections are taken into account:
-calculated ranges «satellites-receiver of the reference station»; it is assumed that the coordinates of the phase center of the receiving antenna are known with centimeter/millimeter accuracy; -corrections to signal delays in the troposphere and ionosphere calculated by use of the well-known models.
After observation equations linearization and correction for the troposphere and ionosphere effects the measurements single differences processing for the chosen reference satellite is performed as a following:
For the obtained difference ) (
it is done the estimation of the average value 1 Φ and is formed the result of code-carrier smoothing for the reference satellite:
Then the dual code-carrier differences are formed for all the satellites of the current working constellation relatively the reference one where the «wind-up» effect is absent (excluded) due to probable rotation of the receiving antenna: 
After obtaining of sets of data ) (
(5) we will return (by means of linear transformations) to the equations of single differences of observations:
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where ) ( k t X Δ -vector of currently estimated corrections to a priori set values of the unknown coordinates; ( )
-divergence of the receiver and the reference station time scales; ( 1, ) ( )
-slowly varying residual error components;
-errors of carrier-phase pseudo ranges caused by multipath effects and by noise. The estimation of parameters
is carried out by the least-squares method.
Updating (modification) of the algorithm of GNSS observations smoothing/filtering
The modified «leveling»-algorithm of smoothing of single-frequency code GNSS observations described below is based on using the additional informationestimations of increments of the mobile object current coordinates. The estimations are obtained by the increments of continuous carrier-phase observations in time. The combination of estimations of the smoothed solution of the first stage of processing by algorithm [3] and the given additional information allowed achieving a new more effective solution of the assigned task.
The illustrating block-diagram of processing the GNSS observations according to the modified algorithm is given in Fig. 1 . The proposed algorithm of processing uses the following equations of observations as the initial ones:
where ˆ( ) During the processing we form the increments of carrier-phase observations in time: 
Fig. 1. Block-diagram of GNSS observations processing
After that we will carry out the estimation of coordinate increments (
) using the increments of carrier-phase pseudo ranges in time. It is important to emphasize that using carrier-phase increments does not require the solution of the difficult and sophisticated task -carrier-phase ambiguity resolution. Fig. 2 illustrates, as an example, the estimated increments of coordinates in time (equivalent of velocity changes at 1 Hz sample rate). a b Fig. 2 . Examples of estimation of the object current coordinate «x» increments a -static object; b -kinematic object (helicopter flight)
This information may be also useful for determination of stops and motion passes, for example, during the realization of the algorithms «stop&go» [1] .
The important positive factor of high precision increment coordinate solution using carrier-phase observations is the possibility of the reliable detection (and next following estimation and exclusion) of phase slips from the analysis of the solution residuals. For identification of slips (to which satellite they refer) and estimation of its value it requires a separate procedure, in particular, the procedure described in [5] . Fig. 3 shows the examples illustrating this possibility. The figure displays the solution residuals (differences between the measured and estimated values). a b Fig. 3 . Coordinate solution residuals: a -in the absence of carrier-phase slips; b -in the occurrence of carrier-phase slips at three epochs After determination of coordinate increments it is carried out their integrating:
This action allows obtaining the coordinate changes in time ( * ( ) k X t Δ ) with centimetric accuracy which, however, do not contain the unknown initial values of coordinates at the first epoch. The systematic (slowly varying) errors of the coordinate changes in this case (the differential mode of measuring) are relatively small and the fluctuating errors of the adjacent phase coordinate increments are excluded and not accumulated. Therefore the errors of the integrated increments will be practically equivalent to the errors of glide carrier-phase unambiguous (i.e. the ambiguities are resolved) coordinate solution. This gives the ability of avoiding the outliers of coordinates when changing the satellite configuration. These outliers are characteristic for the smoothed (leveling) code solution obtained at the first stage of smoothing. Fig. 4 shows the examples illustrating the obtained coordinate increment solutions for Fig. 2 examples
The obtained integral functions repeat the carrierphase coordinate solution, but along with that the initial values of the first epoch stay unknown. Now these initial values may be determined with the involvement of the smoothed code-carrier «leveling» solution. For this purpose from code-carrier solution there will be eliminated the changes of coordinates in time by use of the integrated increments (9), and the result will be averaged: 
Finally, the accuracy of the modified smoothed solution (in comparison with the complete carrierphase solution) is restricted by the errors of estimation of average valuesˆ( ) sr k X t .
Results of verification of the proposed method by use of real measurements
As an example of testing and verification of the proposed modification of the «leveling»-algorithm there are presented the results of processing the GNSS measurements obtained during the flight experiment on the airdrome «Borodyanka» (Kiev region, June 2013). The result of the experiment is obtaining the measurements onboard the unmanned aerial vehicle (UAV). In the period of the experiment it was installed on the airdrome a dualfrequency ground base station (BS) with a symbolic notation PILB.
The processing of observations was carried out in the following succession:
♦ coordinate tying of PILB station relatively The determination of UAV reference trajectory relatively PILB station was carried out by use of dual-frequency observations. Below, in Fig. 5 and 6 it is given a graphical display of UAV motion trajectory. Fig. 7-9 presents the discrepancies of three solutions from the reference trajectory pointed above, and tables 1-3 give error statistical characteristics of these solutions. In the process of the experiment there were also obtained similar results for the case when the parameters of UAV motion trajectory were determined by the differential method directly relative to the remote (~52,5 km) station GLSV without using the intermediate base station.
The given comparative analysis of the obtained results shows that the maximum (p=95%) errors of the smoothed modified solution relatively PILB station made up ~10 cm for all the three components of coordinates. While carrying out of kinematic positioning relatively GLSV station the errors (p=95%) made up ~5 cm for plane coordinates and ~20 cm vertically. Table 2 Error The obtained results show that the proposed modified solution allows considerable increasing of smoothing/filtering accuracy and obtaining glide coordinate solution -significant decrease of coordinate variations and eliminate jumps caused by change of the working constellation of satellites and the appropriate changes of the geometric dilution of precision. Use the modified smoothing algorithm allows to reduce twice the positioning errors relatively the analog («leveling»-algorithm) and 3-4 times reducing relatively code DGPS solution on baselines up to 50 km.
Conclusions
The given paper presents the results of the development and verification of the modified «leveling»-algorithm of smoothing/filtering of code observations by use of continuous carrier-phase observations in the kinematic survey mode. The updated algorithm is characterized by using the additional information -estimations of the increments of the mobile object current coordinates. These estimations are obtained by use of the increments of continuous carrier-phase observations in time.
The proposed solution allows considerable increasing of positioning accuracy and obtaining of glide coordinate solution. In particular, the results of the experiments show that on baselines ~50 km it is possible to increase several times the positioning accuracy in comparison with the analogs and standard code differential solution.
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